Preservation of high-fat diet-induced femoral trabecular bone loss through genetic target of TNF-α.
Obesity and osteoporosis are two common chronic diseases, however, the basis for the correlation between them remains largely unknown. The pro-inflammation cytokine tumor necrosis factor-alpha (TNF-α) plays important roles in lipid and bone metabolisms, which may be a good candidate in the correlation between obesity and osteoporosis. We investigated the pathological roles of TNF-α in high-fat diet (HFD)-induced bone loss. Wild-type (WT) mice and TNF-α knockout (TNF-α(-/-)) mice were fed with the standard diet or the HFD for 12 weeks. Bone marrow stromal cells (BMSCs) from both genotypes were induced to differentiate into osteoblasts and treated with palmitic acid (PA). Bone mass and microstructure of femurs were evaluated by micro-CT. Lipid and bone metabolisms were investigated by histological and plasma analyses, and real-time PCR. On the HFD, both TNF-α(-/-) and WT mice presented notable visceral obesity, dyslipidemia. Adipogenesis and osteoclastogenesis were enhanced, while osteoblastogenesis was reduced in both genotypes. However, the changes were significantly different between TNF-α(-/-) and WT mice after the HFD. The gain of body and fat-pad weight was less and adipocyte area was smaller by 22 % in TNF-α(-/-) mice. Osteoclast numbers and plasma CTX level were lower by 40 % and by 23 % in TNF-α(-/-) mice. There were more ALP positive cells in the PA-treated TNF-α(-/-) BMSCs. mRNA expression of PPAR-γ was lower while that of Runx2 was higher in the bone from TNF-α(-/-) HFD group and in the PA-treated TNF-α(-/-) BMSCs, compared to WT on the same treatment. Furthermore, femoral trabecular bone mass and trabecular bone number were significantly decreased in WT mice on the HFD, whereas they were increased by 1.56-fold and 1.53-fold, respectively, in TNF-α(-/-) mice on the same diet (P < 0.05). Our results demonstrated that TNF-α gene knockout retained HFD-induced femoral trabecular bone loss mainly by suppressing adipogenesis and osteoclastogenesis, and enhancing osteoblastogenesis, which suggests that TNF-α plays a critical role in the development of HFD-related bone metabolic disorders and it may be a new potential therapeutic target for obesity-related bone loss.